Summary: MOSAIC is a set of tools for the segmentation of multiple aligned DNA sequences into homogeneous zones. The segmentation is based on the distribution of mutational events along the alignment. As an example, the analysis of one repeated sequence belonging to the subtelomeric regions of the yeast genome is presented.
The availability of complete genome sequences has opened up new fields of research in genomic organisation and evolution. Indeed, evolution can now be studied from an intragenomic point of view, at the gene or the chromosome level. The genome of Saccharomyces cerevisiae, the first eukaryotic genome sequenced entirely (Goffeau et al., 1996) , is characterized by a high functional redundancy and extensive similar regions resulting from large-scale duplications (Wolfe and Shields, 1997; Coissac et al., 1997) . However, these regions can contain several genetic elements coupled with non-coding fragments. These components may have been affected by a variety of events during evolution. A global clustering analysis seems to be unsuitable for characterizing analysing a complex process of evolution. We have developed a new strategy, MOSAIC. The approach consists of searching for a segmentation of multiple aligned DNA sequences into zones that are homogeneous in terms of mutational events. The segmentation is based on the distribution of substitution and insertion/deletion events which have occurred in the nucleic sequences and are detected by the multiple alignment. A homogeneous zone is predominant as a section of the alignment in which one event is prevalent. Such segmentation reveals not only conserved zones but * To whom correspondence should be addressed. also highly divergent zones containing one predominant event. This constitutes the major interest of MOSAIC compared to a simple analysis of variability.
MOSAIC requires as input a multiple alignment of similar sequences. In order to segment it into homogeneous zones, the alignment is first encoded into series of numbers called partition indexes (PI). An example of a 9-sequence alignment is shown in Figure 1a . The alignment is a series of columns (25 in this case), each of which shows one partition of the studied sequences. As an illustration, the column #7 shows the sequence partition (1-2-3-4-5)(6-7-8-9). PIs are assigned according to the order of appearance of the partition in the alignment, except for the PI #0 denoting conserved columns in which all sequences contain the same nucleotide. The column #7 shows the third partition (different from the identity of all sequences) and it is therefore identified by the PI #3. All the columns exhibiting the same sequence partition are identified by the same PI. As a result, the column #13 is given the PI #3, too. This process is continued until all columns have been indexed.
The PI series along the alignment of 19 similar sequences is shown in Figure 1b . The 19 sequences were obtained by a method of search for similarities, ASSIRC (Vincens et al., 1998) , from the subtelomeric regions of yeast chromosomes. The sequences are about 6 kbp long and contain Y , a typical repeated element of subtelomeres (Louis and Haber, 1992) . This representation highlights plateaux, corresponding to high densities of identical PIs, and dramatic rises, due to accumulations of different PIs. The PIs (or the events associated with the corresponding partition) are clearly not randomly distributed in the alignment. This is confirmed by a random shuffle of the columns, which removed all plateaux (not shown).
MOSAIC tackles the problem of identification of zones characterized as having one predominant PI according to four criteria. First, only the PIs occurring more than N times in the alignment are selected. Second, for each of the selected PIs, series for which the distance (in number of columns) between two consecutive partitions with same index is less than a threshold distance are searched for. Third, the length of the putative block, i.e. the distance between the first and the last PI of a series, must be higher than a length L. Then, the last selection step requires that the PI frequency be higher than a threshold frequency f . With the user-defined parameters N = 50, = 60, L = 100 and f = 0.4, MOSAIC identifies 15 blocks using 10 different PIs. As an illustration, PIs #209 and #196 occur in the alignment 76 and 1065 times respectively. PI #209 forms one 109-long block (position 5240-5348), which contains all the occurrences of this PI. Similarly, all the occurrences of PI #176 are contained in one 1372-long block (position 4363-5734). This result testifies to a high specificity of both PIs for this section of the alignment. In terms of events, block #196 corresponds to a deletion in the sequences (1-5-7-8-11-12-15-19) , the eleven other sequences being conserved. Partition #209 correponds to a deletion in the sequences (1-5-7-8-11-12-15-19-3-14) , i.e. the sequences of the partition #196 plus the sequences 3 and 14. In this case, more than one mechanism involving at least two insertion or deletion events between the three groups (1-5-7-8-11-12-15-19), (3-14) and (2-4-6-9-10-13-16-17-18) is possible. Note, on the other hand, that mechanisms based on substitution events appear in other blocks. For example, in the block #176, the sequences (1-3-5-9-10) differ from the twelve others by a substitution. For each block, the main mutational events that occurred during the evolution can be identified. Such a segmentation testifies to a discontinuous evolution consisting of independent events. The approach described here provides further insight into the evolution of large repeated regions within or between genomes.
MOSAIC is a set of programs written in C (mosaic.c) and using S-PLUS software (mosaic.s). Input data of mosaic.c are multiple alignment files produced by Clustal W (Thompson et al., 1994) . MOSAIC is influenced by the limitations of the methods of aligning numerous long sequences. Mosaic.c generates two ouputs: a list of PIs with the corresponding information (number, occurrence number, sequence partition) and the series of PIs along the alignment and the event type (insertion/deletion, substitution). Mosaic.s uses these files as input to draw the different parts of the graphic representation.
